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INTRODUCTION 
Tree growth Is often limited by nitrogen supply (Kramer and 
Kozlowski 1960; Broerman and Gatherum 1967). Therefore, the nature of 
tree growth response to nitrogen is an important ingredient in the 
solution of tree nutritional problems. Many studies of tree growth in 
response to different quantities of applied nitrogen have been limited 
in generality and usefulness because detailed information on the 
distribution of nitrogen and growth within the experimental plants was 
not obtained. However, such information will be needed if foresters 
are to understand how nitrogen affects growth. If the relationship 
between substrate nitrogen and nitrogen distribution within the tree can 
be defined experimentally in terms of tree development and growth 
distribution, as well as in terms of total growth, more accurate 
predictions of specific responses can be made. As a first approximation 
in defining the relationships between soil and tree nitrogen levels, 
the critical range of nitrogen can be determined. The critical range 
should reflect the nutrient status of the tree in relation to maximum 
growth and potential growth response to fertilization when tree nitrogen 
content and distribution are used as criteria. Controlled-environment 
studies can help to identify the nitrogen regimes necessary for a specific 
production goal. Differences in tree growth distribution and allometry 
in relation to nitrogen level have been observed by (Madgewick 1971) and 
Einspahr 1968) using methods and species similar to those used in this 
study. 
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The distribution and utilization of nitrogen in trees must be 
regulated by the enzymes of nitrogen metabolism. Nitrate reductase is an 
inducible enzyme which responds to changes in the nitrate status of the 
tree and nitrate is the principal form of soil nitrogen available to 
trees. The vivo function of nitrate reductase is to catalyze the two-
electron reduction of nitrate to nitrite. The relationships between 
nitrogen availability, nitrate reductase, protein content and morphologi­
cal development are complex and little understood in trees. Â better 
understanding of the relationships between biochemical factors and 
morphological development may provide useful indices for rapid screening 
and selection of genotypes more responsive to substrate nitrogen. 
Selection of genotypes more responsive to nitrogen will allow the forester 
to alter substrate nitrogen in a more definite manner to achieve a 
specific goal. 
The specific objectives of this study were: (1) to determine nitrate 
reductase, total nitrogen and protein concentrations of various tree 
parts in relation to pot nitrogen for two successive times in the growing 
period, (2) to describe relationships between nitrate reductase, plant 
nitrogen, protein concentration and morphological development of two 
Populus clones and (3) to define the critical range of in-plant nitrogen. 
In this study, nitrate reductase, total nitrogen, protein and tree 
growth distribution had a similar quantitative response to substrate 
nitrogen. Total nitrogen percentage and protein content varied among 
different tree parts and stage of development in relation to clone and 
level of applied nitrogen. 
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MATERIALS AND METHODS 
Plant Material 
The clones studied were Tristls no. 1, a Populus trlstls x Populus 
balsamifera L. hybrid and Wisconsin-5, a Populus deltoïdes. Bartr. 
selection. Both clones were selected because of rapid growth character­
istics although the phenology of the two clones is known to be different. 
A determinant growth habit has been observed for Tristis no. 1 whereas 
Wisconsin-5 has an indeterminant pattern of growth. Clonal material was 
used to provide genotypic uniformity. Softwood cuttings were collected 
from fertilized stock plants on October 24, 1971 and placed under a 
mist system until roots were established. On November 8, 1971 the cuttings 
were placed in an aerated nutrient solution. On November 18 all leaves 
belonging to the original cuttings were excised. 
Nutriculture System 
The system used in this study was designed to facilitate the study 
of trees over the time period of an entire growing season. Twenty liter, 
plastic containers were used to hold the nutrient solution. The outside 
of the pots was sprayed with aluminum paint to reflect sunlight. Each 
pot was fitted with a 3/4 inch plywood lid with a hole in the center where 
the tree was supported by a split cork. The aeration system, consisting 
of tygon tubing fitted with a number 28 hypodermic luer-lok needle on 
the end, provided a stream of small bubbles. This provided aeration and 
continuously stirred the nutrient solution. A modified Hoagland and 
Arnon (1950) solution was used for this study (Table 1). Phosphorus 
Table 1. Nutrient solution composition. 
Compound Elements, ppm 
2 Ca K % S B Mn Zn Cu Mo Fe Cl 
Ca(H2PO^)2 50 20 
CaSo^ 80 64 
KgSo^ 195.5 90 
MgSo^ 48.6 64 
H3BO3 .5 
MnCl2.4H20 .5 .65 
ZnSo^.7H20 .05 
CuSo^.'^O .02 
HgNoO^.HgO .01 
FeSo^.7H20 5 
Total 50 lÔÔ 195.5 48.6 22Ï Ts Ts 705 702 lÔl 5 765 
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was Increased to 50 ppm. Nitrogen levels were orthogonally spaced 
between 0 and 70 ppm. 
Plant Analysis 
Trees were harvested at 4 weeks and 12 weeks after treatment 
initiation. At harvest the plant material was oven dried at 70°C for 
24 hours. Dry weights of stem, roots, leaves and holoapex were taken 
immediately after drying. The leaf samples to be analyzed were determined 
by the leaf plastochron index (LPI) as developed for cottonwood (Larson 
and Isebrands 1971). In this study the first emerging leaf lamina 
exceeding 20 mm in length was designated as LPI 0. The holoapex includes 
the apical tip and the first four emerging leaves from LPI 0 to LPI 3 
inclusive. The mature leaf sample was the leaf of LPI 10. The bottom 
leaf sample was the lowest leaf on the stem. Petioles were not included 
in mature and bottom leaf samples. Material to be analyzed was ground in 
a Wiley Mill to pass a 20 mesh sieve. 
Total nitrogen was determined by the micro-Kjeldahl method using 
the salicylic acid - thiosulphate modification to include nitrate-nitrogen. 
Protein-nitrogen was determined by the micro-Kjeldahl method after extrac­
tion of soluble-nitrogen with 80% (V/V) ethanol as described by Nowakowski 
et al. (1965). Per cent protein was estimated by multiplying percent 
protein-nitrogen by 6.25. The results for total nitrogen and protein 
were expressed as a percentage of dry weight. The absolute nitrogen 
content was also calculated for holoapex, mature leaves, bottom leaves 
and roots. 
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Nitrate Reductase Assay 
A modification of the method of Jaworski (1971) was used to assay 
for nitrate reductase. A disc of intact tissue, 1/2 inch in diameter, 
from the LPI 4 leaf, was placed in 5 ml. of inoculation medium consisting 
of 0.1 M KgHPO^, pH 7.5, 0.02 M KNO^, 0.5% polyvinylpyrrolidone 
(MH 360,000) and 5.0% isopropanol. The mixture was placed in the dark 
for 10 hours and the reaction was stopped by adding 1.0 ml. of 1.0% 
sulfonic acid in 1.5 N HCl and 1.0 ml. of 0.02% N-l-napthy1-ethylene-
diamine HCl. Nitrite was determined spectrophotometrically at 540 nm. 
Nitrate reductase was expressed as uM of nitrite formed per gram of 
fresh tissue per hour. 
Statistical Design and Analysis 
The study was established in a completely randomized design with 6 
treatment replications. The completely randomized design was chosen 
because of lack of quantitative growth information related to position 
within the greenhouse that would be the basis for blocking. Regression 
analysis was used to relate dependent and independent variables. Four 
equations, including the linear, 2nd degree polynomial, hyperbolic and 
the logg transformation of the independent variable were tested to 
determine the model of best fit. These equations were chosen because 
they were thought to best represent the expected response. Multivariate 
analysis was used to relate in-plant nitrogen, protein, nitrate reduc­
tase and growth response to pot nitrogen. 
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RESULTS 
Differences in tree growth, allometry, nitrogen and nitrate 
reductase response were observed among pot nitrogen levels, clones and 
harvest times. Curve fitting, as well as uni- and multivariate analysis 
of variance were used to examine differences and aid in interpretation 
of results. 
Of the four equations tested the second degree polynomial had the 
lowest standard deviation. The log^ transformation of the independent 
variable and the hyperbolic equations for many relationships had a 
standard deviation which was not significantly different than the 
standard deviation for the second degree polynomial. However, 
biological interpretation is easier with the second degree polynomial 
and therefore it was the function used to relate the dependent and 
independent variables throughout the study. The second degree polynomial 
functions, multiple correlation coefficients and standard deviations are 
in the Appendix (Tables 5, 6, 7 and 8). Results of the analyses of 
variance follow. 
Trees were harvested at one and three months after placing them 
in the solution culture pots, and results are presented separately for 
each harvest. 
One-Month Harvest 
After one month's growth, the dry weight of Tristis no. 1 was 50 
percent greater than Wisconsin-5. For both clones pot nitrogen level 
affected leaf dry weight but not stem and root dry weight. Leaf dry 
8 
weight increased with increased pot nitrogen up to 40 ppm. (Figures 1 
and 2). The dry weight allometric response for both clones is shown in 
relation to holoapex nitrogen (Figures 3 and 4). The greatest total dry 
weight occurred at 6.8 percent holoapex nitrogen which corresponds to a 
pot nitrogen level of 40 ppm. The highest total dry weight of Tristis 
no. 1 occurred at 5.8 percent holoapex nitrogen and a corresponding 
pot nitrogen level of 40 ppm. Wisconsin-5 had a significantly greater 
holoapex nitrogen concentration than Tristis no. 1 (Table 2) for all 
pot levels. The highest total dry weight occurred at approximately 
5.0 and 5.5 percent mature leaf nitrogen for Wisconsin-5 and Tristis 
no. 1 respectively at a pot nitrogen level of 40 ppm (Figure 5 and 6). 
The greatest total dry weight occurs at 3.9 and 4.4 percent of bottom 
leaf nitrogen for Wisconsin-5 and Tristis no. 1 respectively at an 
analogous pot nitrogen level of 40 ppm (Figure 7 and 8). Root nitrogen 
percentages of 3.5 and 3.1 produce the highest total dry weight of 
Wisconsin-5 and Tristis no. 1 at the corresponding pot nitrogen level 
of 40 ppm (Figure 9 and 10). The percent of holoapex, bottom leaf and 
root nitrogen varied significantly between clones. Tristis no. 1 had 
the greater percent of holoapex and bottom leaf nitrogen while 
Wisconsin-5 had a higher concentration of root nitrogen. The percent 
of holoapex and mature leaf protein (Figure 11 and 12) for both clones 
increased up to a pot nitrogen level between 40 and 50 ppm. In 
contrast to total nitrogen percent, the percent protein of holoapex and 
mature leaves was significantly greater for Wi8Consin-5 than for 
9 
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Figure 1. Dry weight of one-month-old Wisconsin-5 shoots, 
leaves, roots and stems in relation to pot nitrogen. 
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Figure 2. Dry weight of one-month-old Trlstis no. 1 shoots, 
leaves, roots and stems In relation to pot nitrogen 
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Figure 3. Âllometrlc response of one-month-old Wisconsln-5 in 
relation to holoapex nitrogen. 
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Figure 4. Âllometric response of one-month-old Tristis no. 1 
in relation to holoapex nitrogen. 
Table 2, F values for one-month-old Wisconsin-5 and Tristis no. 1 from univariate 
analysis of variance for growth, nitrogen, and protein. 0 level of pot 
nitrogen excluded. 
Dependent Pot N Clone Pot N x Clone 
Variable (6 d.f.) (1 d.f.) (6 d.f.) 
Percent holoapex N 6.86** 9.72** 1.95 
Percent mature leaf N 2.25 2.06 1.19 
Percent bottom leaf N 0.74 13.21** 0.89 
Percent root N 1.80 4.33* 1.24 
Percent holoapex protein 2.65* 18.05** 1.76 
Percent mature leaf protein 3.60** 51.83** 0.44 
Percent bottom leaf protein 1.08 1.15 0.97 
Percent root protein 0.99 ' 0.04 1.42 
Leaf dry weight 0.41 5.41* 1.07 
Stem dry weight 0.25 25.76** 1.05 
Root dry weight 0.18 10.61** 0.62 
^Significant at 5% level 
**Significant at 1% level 
14 
Trlstls no. 1 at all levels of pot nitrogen whereas the percent root 
and bottom leaf protein was approximately equal. 
The analysis of variance (Table 2) excludes the 0 ppm level of pot 
nitrogen. Table 2 indicates that there was no significant difference 
in dry weight among pot nitrogen levels from 10 to 70 ppm although the 
dry weights were slightly higher up to 40 ppm. However, because pot 
nitrogen level could be viewed as a continuous variable, continuous 
functions were also used to describe the response to pot nitrogen. 
These functions consistently gave maxima at pot nitrogen levels near 
40 ppm. 
Three-Month Harvest 
Grm th, nitrogen and protein responses of three-month-old trees 
were tested by multivariate analysis (Table 4). This analysis shows 
that 95.19 percent of the variation in plant nitrogen, protein and 
nitrate reductase was related to pot nitrogen. When leaf weight, root 
weight, stem weight and height are considered together 67.75 percent of 
the variation is related to pot nitrogen. Canonical analysis (Figure 13 
and 14) identifies the response groups when the two highest canonical 
variables are correlated. Again dry weight of all tree parts of three-
month-old trees increased up to approximately 40 ppm of pot nitrogen 
(Figure 15 and 16). At three months Wisconsin-5 had surpassed Tristis 
no. 1 in total diry weight. The difference in total dry weight was due 
to the significantly greater leaf growth of Wisconsin-5. Analysis of 
variance (Table 3) indicated that there were significant differences 
15 
In plant nitrogen among pot nitrogen levels and between clones. There 
was a significant pot nitrogen by clone interaction for the percent of 
bottom leaf nitrogen and percent of root nitrogen. The allometric 
response of three-month-old trees (Figure 17 and 18) shows that 5.8 and 
4.5 percent of holoapex nitrogen for Wlscon8ln-5 and Trlstls no. 1 
respectively produced the most total dry weight at a corresponding pot 
nitrogen level of 40 ppm. The highest total dry weight occurred at 
approximately 3.8 and 3.5 percent of mature leaf nitrogen for Wisconsin-5 
and Trlstls no. 1 respectively at a pot nitrogen level of 40 ppm (Figure 
19 and 20). The greatest total dry weight occurred at 3.9 percent of 
bottom leaf nitrogen for both clones at a pot nitrogen level of 40 ppm 
(Figure 21 and 22). Root nitrogen percentages of 3.9 and 3.1 percent 
produced the highest total dry weight for Wisconsin-5 and Trlstls no. 1 
respectively at the corresponding pot nitrogen level of 40 ppm (Figure 
23 and 24). Wlsconsin-5 had a greater plant nitrogen concentration for 
all parts at three months except for bottom leaf nitrogen which was the 
same for both clones. The high multiple correlation coefficients and 
low standard deviations for root nitrogen and root protein in relation 
to pot nitrogen indicate that root nitrogen may be the best plant part 
to use in diagnosis of nutrient status. The multivariate analysis 
(Table 4) corroborates this by giving root nitrogen and root protein 
the highest characteristic vectors. Percent protein (Table 3) varied 
significantly among pot nitrogen levels and all samples increased with 
pot nitrogen up to between 40 and 50 ppm (Figures 25 and 26). 
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Wisconsin-S had a significantly higher percent of root protein than 
Tristis no. 1. Analysis of variance (Table 3) shows no significant 
difference in nitrate reductase among pot nitrogen levels from 10 to 
70 ppm although the trend was for nitrate reductase to Increase up to 
40 ppm of pot nitrogen and then decrease (Figure 27). Wlsconsln-5 
had a markedly higher nitrate reductase assay than Tristis. no. 1 
(Table 3). Nitrate reductase was significantly correlated with bottom 
leaf nitrogen for Wisconsin-5. Figure 28 shows the relationship between 
pot nitrogen, bottom leaf nitrogen, nitrate reductase and bottom leaf 
protein. 
Table 3. F values for three-month-old Wisconsin-5 and Tristis no. 1 from univariate 
analysis of variance for growth, nitrogen, protein and nitrate reductase. 
0 level of pot nitrogen excluded. 
Dependent Pot N Clone Pot N x Clone 
Variable (6 d.f.) (1 d.f.) (6 d.f.) 
Percent holoapex N 5.07** 16.69** 1.25 
Percent mature leaf N 5.65** 4.23* 1.41 
Percent bottom leaf N 13.74** 9.17** 4.24** 
Percent root N 23.22** 10.92** 2.23* 
Percent holoapex protein 3.92** 1.66 1.60 
Percent mature leaf protein 14.38** 2.63 0.44 
Percent bottom leaf protein 10.61** 1.23 1.89 
Percent root protein 15.07** 47.69** 1.93 
Nitrate reductase 1.07 69.45** 0.29 
Leaf dry weight 0.62 11.48** 0.47 
Stem dry weight 0.81 3.37 0.56 
Root dry weight 1.64 1.12 0.55 
Height 3.08* 39.81** 0.65 
^Significant at 5% level 
**Significant at 1% level 
Table 4. Characteristic root and vectors for three-month-old Wisconsin-5 and 
Tristis no. 1 from multivariate analysis. 
Characteristic 
root 
Percent variation determined 
by first canonical variable 
Normalized characteristic vector 
associated with characteristic root 
Nitrogen, protein and nitrate reductase 
5.588 95.19 holoapex N 
0.037 
mature leaf N 
0.057 
bottom leaf N 
0.051 
root N 
0.142 
holoapex protein 
0.007 
mature leaf protein 
-0.004 
bottom leaf 
protein 
0.041 
root protein 
Growth 
nitrate reductase 
0.027 
0.435 67.75 leaf weight 
-0.017 
stem weight 
-0.017 
root weight 
0.045 
height 
0.012 
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Figure 5. Allometric response of one-month-old Wisconsin-5 in 
relation to mature leaf nitrogen. 
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Figure 6. Allometrlc response of one-month-old Trlstls no. 1 
In relation to mature leaf nitrogen. 
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Figure 7. Allometric response of one-month-old Wisconsin-5 in 
relation to bottom leaf nitrogen. 
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Figure 8. Allometrlc response of one-month-old Trlstls no. 1 
In relation to bottom leaf nitrogen. 
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Figure 9. Âllometrlc response of one-month-old Wlsconsln-S In 
relation to root nitrogen. 
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Figure 10. Âllometrlc response of one-month-old Tristls no. 1 
in relation to root nitrogen. 
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Figure 11. Percent protein of one-month-old Wlsconsin-S holoapex, 
mature leaves, bottom leaves and roots in relation to 
pot nitrogen. 
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Figure 12. Percent protein of one-month-old Tristis no. 1 
holoapex, mature leaves, bottom leaves and roots 
in relation to pot nitrogen. 
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weight and height for three-month-old Wisconsin-5 
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Figure 14. Canonical analysis of percent nitrogen, percent 
protein and nitrate reductase for three-month-old 
Wisconsin-5 and Tristis no. 1. Means and 95% 
confidence areas. 
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Figure 15. Dry weight of three-month-old Wisconsin-5 shoots, 
leaves, stems and roots in relation to pot nitrogen. 
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Figure 16. Dry weight of three-month-old Tristls no. 1 shoots, 
leaves, stems and roots In relation to pot nitrogen. 
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Figure 17. Allometric response of three-month-old Wisconsin-5 
in relation to holoapex nitrogen. 
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Figure 18. Allometrlc response of three-month-old Tristls 
no. 1 in relation to holoapex nitrogen. 
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Figure 19. Âllometrlc response of three-month-old Wisconsin-S 
in relation to mature leaf nitrogen. 
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Figure 20. Allometric response of three-month-old Tristis no. 1 
in relation to mature leaf nitrogen. 
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Figure 21. Allometrlc response of three-month-old Wlsconsln-5 
In relation to bottom leaf nitrogen. 
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Figure 22. Allometric response of three-month-old Tristis no. 1 
in relation to bottom leaf nitrogen. 
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Figure 23. Allometric response of three-month-old Wisconsin-5 
in relation to root nitrogen. 
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Figure 24. Allometric response of three-month-old Tristis no. 1 
in relation to root nitrogen. 
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Figure 25. Percent protein of three-month-old Wlsconsin-5 holoapex, 
mature leaves, bottom leaves and roots in relation to 
pot nitrogen. 
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Figure 26. Percent protein of three-month-old Tristls no. 1 
holoapex, mature leaves, bottom leaves and roots in 
relation to pot nitrogen. 
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Figure 27. Nitrate reductase response of three-month-old 
Wisconsln-5 and Tristis no. 1 in relation to 
pot nitrogen. 
Figure 28. Relationship of bottom leaf nitrogen, LPI 4 nitrate 
reductase and bottom leaf percent protein for three-
month-old Wisconsln-5 in relation to pot nitrogen. 
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DISCUSSION 
In this study a second degree polynomial function was used to 
relate dependent and independent variables. However, if a line 
connecting the means was constructed a different interpretation may be 
obtained. The univariate analysis of variance for one- and three-
month-old trees shows that there were no differences in dry weight 
from 10 to 70 ppm. There were significant differences in height, 
nitrogen and protein percent. There was a tendency for the dry weight 
components of growth to decrease at the high pot nitrogen levels. 
Therefore multivariate analysis was used to determine the response when 
several related variables are considered together. Figure 14 shows that 
when root weight, stem weight, leaf weight and height are considered 
together there are two response clusters separated at 40 and 50 ppm pot 
nitrogen. This, together with the high multiple correlation coefficients 
for the second degree polynomial functions supports using the fitted 
curves in presentation and Interpretation of the data. 
A nutrlculture system was used in this study because of the high 
nutrient and water availability coefficients of a solution culture. Also 
the opportunity for precise control of pot nitrogen level and complete 
root recovery made the nutrlculture system the most advantageous method 
for this study. 
In this study plant nitrogen percent increased with an Increase 
in substrate nitrogen up to approximately 40 ppm and then decreased. 
When the absolute nitrogen content was determined the trend was the 
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same. The decreased nitrogen concentration at higher pot nitrogen 
levels was apparently due to a decreased uptake and was not a 
"dilution" effect associated with increased growth. The nitrate 
reductase response (Figure 27) to pot nitrogen was similar to the plant 
nitrogen response which suggests a reduced nitrate concentration in 
the LPI 4 leaf at the higher pot nitrogen levels. The restricted 
nitrate uptake may be caused by an inhibitory influence of ammonium ions 
or assimilation products of ammonium on reduction of nitrate in the 
tissue at the higher pot nitrogen levels. Failure in nitrate reduction 
might then result in depressed uptake (Lycklama, 1963). However, this 
postulate requires nitrate reduction to be rate-regulating which may not 
be the case. Minotti et al. (1969) suggests that ammonium adjacent 
to cellular boundary membranes resulting from ammonium uptake in excess 
of nitrate uptake causes alterations in membrane permeability and 
thereby restricts capacity for nitrate absorption. A reduction in the 
supply of keto acids necessary for amino acid synthesis may have led to 
an accumulation of ammonium ions at the higher pot nitrogen levels and 
ammonium toxicity. This experiment was conducted in late fall and 
although there was a large growth response light may have been a limiting 
factor in the production of keto acids. The nitrogen percentages of 
three-month-old trees are lower than for one-month-old trees for all 
samples except for roots which were greater at three months. This is 
probably due to accumulation of structural material in the leaves and 
stems. At three months there was a greater percentage production of 
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root protein than at one month which accounts for the greater root 
nitrogen percent. 
Plant nitrogen, being a constituent of protein, was closely related 
to percent protein. Chloroplasts account for 25 percent of the total 
dry weight and 40 percent of the total nitrogen of the leaf in higher 
plants (Bonner and Varner, 1965). Stroma protein which is responsible 
for reduction of carbon dioxide accounts for approximately one-third of 
the protein in the chloroplast and the remaining two-thirds consists of 
structural proteins which, in combination with chlorophyll, are respon­
sible for the photosynthetic processes (Menke, 1966). Based upon the 
work with many species, photosynthesis usually has a positive correlation 
over a wide range of total nitrogen or protein content of the leaf. 
Fujiwara (1965) found that photosynthetic activity was proportional to 
the nitrogen content by subtracting the nitrogen content of the young 
expanding leaf which had no photosynthetic activity. In this study, dry 
weight growth due to nitrogen fertilization is probably closely related 
to leaf protein concentration and the trees concomitant ability to 
synthesize carbon-carbon bonds. 
Table 3 shows a significant pot nitrogen by clone interaction for 
percent bottom leaf nitrogen and percent root nitrogen of three-month-old 
trees. Figures 21 and 22 show the differences in response for bottom 
leaf nitrogen. Clonal differences in nitrogen percent and protein cannot 
be entirely explained but may be partly due to inherent phenological 
differences. Figure 23 and 24 show that Tristis no. 1 had a greater root 
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nitrogen content than Wisconsin-5 at the higher pot nitrogen levels. 
However, Wisconsin-5 at three months had a markedly greater root protein 
percent than Tristis no. 1. From the results it would appear that the 
Tristis no. 1 clone tends to have a high capacity for carbon assimilation 
in comparison to its capacity for nitrogen assimilation and growth while 
Wisconsin-5 is apparently superior in nitrogen assimilation and growth 
capacity but inferior in rate of carbon assimilation. Wisconsin-5 has 
a significantly greater nitrate reductase response than Tristis no. 1 
(Figure 27) which supports this hypothesis. Carbon assimilation rates 
should be determined by photosynthesis experiments and incorporated into 
a total index value to more accurately assess the yield potential of 
the clone. This study shows that there are clonal differences in nitro­
gen, protein and nitrate reductase which may be caused by genetically 
determined differences in nitrogen uptake and assimilation ability. 
Further study is needed to explain these differences. Figure 28 indi­
cates that there was a correlation between biochemical events in 
different tree parts. The nitrate reductase response is similar to the 
bottom leaf nitrogen response to pot nitrogen level. This suggests that 
the nitrate reductase assay may provide a measure of nitrogen assimila­
tion ability. A more complete tree nitrogen profile study is needed to 
better quantify the relationship between nitrate reductase, nitrogen 
percent and protein content. 
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Conclusions : 
(1) Root nitrogen percent and root protein content are the most 
sensitive tree tissues in relation to substrate nitrogen. The proper 
sampling techniques for analyzing roots grown under field conditions 
may provide the best scale of values for use as a guide in diagnosing 
nitrogen status of trees. 
(2) A nitrate reductase assay was found which may possibly be 
used as an index of nitrogen assimilation capacity. More study is 
needed to quantify the relationship between nitrate reductase response, 
plant nitrogen percent and protein content. 
(3) Clonal differences in nitrate reductase response, nitrogen 
percent and protein content indicate marked genetic differences in 
nitrogen uptake and assimilation ability between two clones selected 
for rapid growth. 
(4) The allometric response of Wlsconsin-5 and Tristis no. 1 
was presented in relationship to the critical range of in-plant nitrogen. 
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APPENDIX 
Table 5. One-month-old Wlsconsin-5 dependent variables in relation to pot nitrogen (X). 
Functions, multiple correlation coefficients and standard deviations. 
Function Multiple Correlation 
Coefficient (R2) 
Standard 
Deviation 
0.83 0.49 
0.84 0.13 
0.87 0.13 
0.84 0.60 
0.85 0.71 
0.95 0.70 
0.98 0.71 
0.94 0.89 
0.96 1.15 
0.97 3.42 
0.98 6.78 
0.95 8.43 
0.97 8.97 
0.68 11.76 
Leaf dry weight = .56 + .032X - .00039X^ 
Stem dry weight «= .22 + .0063X - .000086X^ 
Root dry weight = .26 + .005X - .000058X^ 
Shoot dry weight = .78 + .039X - .00048X^ 
Total dry weight =» 1.04 + .044X - .00054X^ 
Percent root nitrogen = 1.47 + .08X - .00075X^ 
2 
Percent mature leaf nitrogen = 3.16 + .067X - .00055X 
2 
Percent bottom leaf nitrogen = 1.86 + .084X - .00086X 
2 
Percent holoapex nitrogen = 2.57 + .17X - .0016X 
Percent root protein = 15.13 + ,2X - .0014X^ 
Percent mature leaf protein = 28.11 + .99X - .OIX^ 
Percent bottom leaf protein = 16.60 + 1.15X - .012X^ 
Percent holoapex protein = 19.77 + 1.54X - .016X^ 
2 
Nitrate reductase-leaves = 5.82 + .78X - .OIX 
Table 6. One-month-old Tristis no. 1 dependent variables in relation to pot nitrogen 
(X). Functions, multiple correlation coefficients and standard deviations. 
Function Multiple Correlation 
Coefficient (r2) 
Standard 
Deviation 
Leaf dry weight = .87 + .04IX - .00049X^ 0.87 0.59 
Stem dry weight = .47 + .012X - .OOOISX^ 0.90 0.27 
Root dry weight = .52 + .0019X - .00004X^ 0.91 0.17 
Shoot dry weight = 1.34 + .053X - .00064X^ 0.87 0.84 
Total dry weight = 1.86 + .054X - .00067X^ 0.88 0.98 
Percent root nitrogen = 1.29 + .075X - .00075X^ 0.96 0.63 
Percent mature leaf nitrogen = 2.98 + .OllX - ,0012X^ 0.98 0.73 
Percent bottom leaf nitrogen = 2.28 + .095X - .00096X^ 0.98 0.61 
Percent holoapex nitrogen = 3.23 + .14X - .0019X^ 0.96 1.04 
Percent root protein = 12.21 + .43X - .0046X^ 0.96 3.97 
Percent mature leaf protein = 13.53 + 1.36X -.014X^ 0.97 7.17 
Percent bottom leaf protein = 13.76 + 1.14X - .OllX^ 0.97 5.99 
Percent holoapex protein = 19.16 + 1.54X - .018X^ 0.98 7.02 
Table 7. Three-month-old Wisconsin-5 dependent variables in relation to pot nitrogen 
(X). Functions, multiple correlation coefficients, and standard deviations. 
Function Multiple Correlation 
Coefficient (r2) 
Standard 
Deviation 
0.84 6.55 
0.86 2.91 
0.89 1.52 
0.86 9.15 
0.87 10.41 
0.99 0.36 
0.96 0.74 
0.95 0.60 
0.94 1.37 
0.99 2.19 
0.98 5.01 
0.98 3.96 
0.97 7.73 
0.85 1.79 
Leaf dry weight = 3.82 + .65X - .0073X^ 
Stem dry weight = 2.44 + .29X - .0034X^ 
Root dry weight = 1,79 + .18X - .0022X^ 
Shoot dry weight = 6.26 + .95X - .OIX^ 
Total dry weight = 8.05 + 1.12X - .013X^ 
2 
Percent root nitrogen = .64 + .12X -.OOlX 
Percent mature leaf nitrogen = .89 + .12X - .0012X^ 
Percent bottom leaf nitrogen = .016 + .12X - .0012X^ 
Percent holoapex nitrogen = 2.20 + .14X - .0013X^ 
Percent root protein = 8.18 + .62X - .0054X^ 
2 
Percent mature leaf protein = 14.51 + .74X - .0067X 
Percent bottom leaf protein = 12.71 + .65X - .0061X^ 
Percent holoapex protein = 25.10 + .72X - .0056X^ 
2 
Nitrate reductase-leaves = .45 + .24X - .0028X 
Table 8. Three-month-old Tristis no. 1 dependent variables in relation to pot nitrogen 
(X). Functions, multiple correlation coefficients and standard deviations. 
Function Multiple Correlation 
Coefficient (R^) 
Standard 
Deviation 
0.88 4.13 
0.88 3.03 
0.86 1.95 
0.88 6.99 
0.89 8.73 
0.96 0.60 
0.97 0.68 
0.98 0.44 
0.93 1.15 
0.96 3.41 
0.98 4.83 
0.98 3.75 
0.94 10.26 
0.80 0.82 
Leaf dry weight = 3.45 + .51X - .006X^ 
Stem dry weight = 2.64 + .39X - .0049X^ 
Root dry weight = 2.73 + .15X - .002X^ 
Shoot dry weight = 6,09 + .9X - .OIX^ 
Total dry weight = 8.82 + 1.05X - .013X^ 
2 
Percent root nitrogen = .76 + .IX - .OOlX 
Percent mature leaf nitrogen = 2.96 + ,017X - .00006X^ 
Percent bottom leaf nitrogen = 1.87 + .043X - .0004X^ 
Percent holoapex nitrogen = 2.38 + .087X - ,00088X^ 
2 
Percent root protein = 8.47 + .44X - .0042X 
2 
Percent mature leaf protein = 18.68 + .64X - .006X 
Percent bottom leaf protein = 17.86 + .43X - .0045X^ 
Percent holoapex protein = 27.26 + .84X - .OIX^ 
2 
Nitrate reductase-leaves = .121 + .087X - .00097X 
